Abstract. Recent calculations of evolutionary tracks of TP-AGB stars of different mass and metallicity by Marigo et al. (2007) have been incorporated in the Bruzual & Charlot evolutionary population synthesis models. The mass of the stellar population in HUDF galaxies at z from 1 to 3 determined from fits to the spectro-photometric data of these galaxies is 50 to 80% lower than the mass determined from the BC03 models. The ages inferred for these populations are, with exceptions, 40 to 60% of the BC03 estimates.
Introduction
In the oral presentation of this paper I gave a summary of the current status of various high resolution stellar spectral libraries and their use in population synthesis models. A written version of this summary can be found in a series of conference papers appeared in recent years, (Bruzual 2004 (Bruzual , 2005 (Bruzual , 2006 and will not be repeated here for reasons of space. In this paper I will concentrate in the second part of my talk which versed on the rôle of the thermally pulsing asymptotic giant branch (TP-AGB) phase of stellar evolution on the integrated properties of stellar populations.
It has been pointed out by several authors, e.g. Maraston et al. (2006) , Kannappan & Gawiser (2007) , that the estimates of the age and mass of the stellar population present in a galaxy depend critically on the ingredients of the stellar population model used to fit the galaxy spectrum. Maraston et al. (2006) have shown that the treatment of the TP-AGB phase of stellar evolution is a source of major discrepancy in the determination of the spectroscopic age and mass of high-z (1.4 < z < 2.7) galaxies. The mid-UV spectra of these galaxies indicate ages in the range from 0.2-2 Gyr, at which the contribution of TP-AGB stars in the rest-frame near-IR sampled by Spitzer is expected to be at maximum. Maraston et al. (2006) find that in general the Maraston (2005) models (M05 hereafter) provide better fits to the observations than the Bruzual & Charlot (2003) models, hereafter BC03, and other models available in the literature, and indicate systematically lower ages and, on average, 60% lower masses for the stellar populations sampled in these galaxies. According to Maraston et al. (2006) the source of this discrepancy is primarily a consequence of the different treatment of the TP-AGB phase in the evolutionary models. Marigo et al. (2007) have recently concluded new calculations of the TP-AGB evolutionary phase for stars of different mass and metallicity. The evolution of the stars is now computed accounting for the changes in the chemical composition of the envelopes. As a consequence of this prescription, the signature of TP-AGB stars around 1 Gyr, i.e the red color of the integrated stellar population, becomes more relevant than in previous computations. The full implementation of the new stellar libraries and the Marigo et al. (2007) TP-AGB evolutionary tracks in population synthesis models is in preparation by Charlot & Bruzual (2007, CB07 hereafter) . All the BC03 and CB07 SSP models shown in this paper have been computed for the Chabrier (2003) emitted in the K-band according to the BC03 and CB07 models. From the top frames of Fig. 1 it is apparent that the TP-AGB stars in the CB07 models contribute at least a factor of two more light in the K-band than in the BC03 models, which use a different prescription for the TP-AGB evolution (see BC03 for details). At maximum, the TP-AGB contributes close to 70% of the K-light in the CB07 model but only 40% in the BC03 model. The peak emission in the BC03 model occurs at around 1 Gyr whereas
On TP-AGB stars and the mass of galaxies in the CB07 model it stays high and close to constant from 0.1 to 1 Gyr. To explore the cause of this difference, I plot in the bottom frames of Fig. 1 the 1 .3 Gyr Z = Z ⊙ isochrone for both sets of models. This age corresponds to the spike seen in the Z = Z ⊙ line in the top frames of this figure. Whereas the Marigo et al. (2007) tracks used in CB07 account for 9 evolutionary stages in the TP-AGB (three in the O-rich phase, three in the C-rich phase, and three in the superwind phase), the BC03 models include only 1 Bruzual evolutionary stage on each of these phases. The TP-AGB stars in the CB07 isochrone are close to 1 magnitude brighter in K and reach values of V − K several magnitudes redder than their counterparts in BC03. The evolutionary rate is such that the total number of TP-AGB stars present in the CB07 1.3 Gyr isochrone is 4 times larger than the number of these stars present in the BC03 models. The TP-AGB stars represent 0.016% of the total number of stars present in this population at this age in the CB07 model, but only 0.004% in the BC03 model. The net effect of all these factors is the increased contribution shown in Fig. 1 . . Observed spectral energy distribution (symbols with error bars) of 7 HUDF galaxies taken from Table 1 of Maraston et al. (2006) shown together with the best fitting CB07 Z = Z⊙, Chabrier IMF SSP model (red solid-line). The galaxy HUDF identification number, redshift, age, and mass (in units of 10 11 M⊙) are given inside each frame and listed in Table 1 . For clearness, after determining the galaxy mass the spectra were forced to share the same vertical scale. Figures drawn in color are available in the electronic version of this paper.
1.3 Gyr SSP as a function of wavelength according to the CB07 models for Z = 0.4 × Z ⊙ , and Z = Z ⊙ . The relative contribution of the O-rich vs. the C-rich TP-AGB stars depends critically on the assumed stellar metallicity. Fig. 3 compares the B − V and V − K color evolution of the CB07, BC03 and M05 models. In B − V the CB07 and BC03 models are identical at all ages. At early and late ages both sets of models have the same V − K color, but at intermediate ages the CB07 models are considerably redder than the BC03 models. At late ages, the BC03 and CB07 models match very well the observations of nearby early-type galaxies, whereas the M05 models are too blue. The stellar mass determined from the K-band luminosity using the CB07 model can be up to Bruzual 1 Determined from fitting a Z = Z⊙, Chabrier IMF SSP to the magnitudes in Table 1 50% lower than the mass determined from the BC03 model at the same age. The BC03 and CB07 models will predict the same galaxy mass if the B-band luminosity is used. Fig. 4 compares the observed spectral energy distribution of 7 HUDF galaxies with the best fitting CB07 Z = Z ⊙ , Chabrier IMF SSP model. The fits look quite reasonable and can be improved assuming different star formation histories or dust content. The galaxy HUDF identification number, redshift, and derived age and mass (in units of 10 11 M ⊙ ) are given inside each frame and listed in Table 1 . As expected from the previous discussion, the mass and age of the stellar population determined from the level of the IR flux observed in these galaxies are considerably lower than the values determined by Maraston et al. (2006) from the BC03 (and M05) models. The masses derived from the CB07 models are 50 to 80% lower than the BC03 masses. The ages derived from the CB07 models are, with exceptions, 40 to 60% of those derived from BC03.
